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This project involved a global survey of seismicity levels in 
subduction zones using quantitative tools. 	The most important result of 
our work is the recognition that significant variations in levels of 
seismicity occur on a number of scales along most major subduction 
zones. 	This contrasts sharply with the general expectation of random or 
uniform spatial distributions of seismicity in these zones. 
We recognized a number of subduction zone segments with lengths of 
several thousand kilometers which have spatially consistent seismicity 
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These zones appear to be active at all magnitude levels and, therefore, 
are probably important in the generation of large earthquakes. 
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Hebrides seismic zone. 	We found that regions which show many charac- 
teristics of asperities also showed high seismicity levels, suggesting 
that they were zones of stress concentration. 
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INTRODUCTION 
In this proposal we outline the work completed under NSF grant EAR-
8213083 and propose to continue the work for one year. The primary goal of the 
first year of this project was the objective and quantitative recognition of 
spatial seismicity variations in subduction zones. We have achieved this goal 
in South America, Indonesia, the New Hebrides, Tonga-Kermadec, and Izu-Bonin-
Marianas. The second phase of the work under grant EAR-8213083 was the exami-
nation of relationships between spatial seismicity variations and tectonic 
features. The initial stage of this work has been completed in the subduction 
zones listed above. 
One might expect the seismicity distribution along plate boundaries to 
become more uniform as smaller events are considered. The results of the 
first year of this work clearly indicate that this is not true, at least for 
the magnitude levels we considered (m >4.8 to 5.5). We recognized variations 
in background seismicity on two differt scales, thousands of kilometers and 
tens of kilometers. The larger scale variations must be tectonic in origin 
because of the scale involved. The shorter scale variations could be related 
to asperities on the interface or to tectonic features (these cases may not be 
mutuall!, exclusive). 
The significance of these variations was evaluated in two ways. First, 
the seismic i ty rates in neighboring regions were compared using the z-test 
for a difference between two means. All of the regions we list below showed 
mean differences significant at the 99%+ level. Second, we determined the 
probabilities of generating the observed variations in stationary Poisson 
processes. This test confirmed the 99%+ significance of more than 70% of the 
observed variations. These results demonstrate that the spatial distribution 
of seismicity along convergent plate boundaries is not random. 
We are interested in recognizing spatial seismicity variations because of 
their possible relationship to asperity distributions on plate interfaces. 
This is important for understanding the role of asperities in the generation 
of large earthquakes and crucial for the prediction of these events. We have 
shown that the asperities in the New Hebrides are regions of anomalously high 
seismicity. In addition, we have shown for the first time that asperities in 
subduction zones can be directly related to bathymetric features on the sea-
floor. These exciting results bode well for the role of careful seismicity 
studies in asperity recognition. However; we found that, in general, there are 
more large events than there are regions of outstanding seismicity. If each 
large event originates in an asperity, this implies that only a portion of the 
asperity population can be recognized using background seismicity. 
We found a large number of seismicity variations which are spatially 
related to tectonic features on the seafloor or the overriding plate, suggest-
ing that tectonic features play a major role in controlling background seis-
micity. 
In the process of searching for bathymetric features related to observed 
seismicity variations we noticed that such features have a profound effect on 
subduction zone morphology. This effect can be observed in trench and forearc 
sediments and even in the overriding plate. While other authors have discussed 
this effect locally, the global nature of our study allowed us to integrate 
many of the local cases into a model which describes a full spectrum of 
effects. 
The observations made during the first year of this project indicate that 
variations in background seismicity provide a powerful tool for characterizing 
subduction zones. In this proposal we seek funds for completing our global 
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study of seismicity variations along convergent boundaries. We also propose a 
detailed study of small zones of extremely high seismicity which we discovered 
during the first year of this work. Finally, we will study aftershock se-
quences in addition to background seismicity for evidence of asperities. 
PREVIOUS WORK 
The work we have completed during the first year of this project falls 
into two categories. First, the recognition of spatial seismicity variations 
in subduction zones and second, the recognition of effects of bathymetric 
features on subduction zone morphology. In this section we will discuss the 
techniques used and the major findings of our work completed to date. 
Spatial Seismicity Variations in Subduction Zones 
During the first year of this project we examined subduction zones in 
South America, Izu-Bonin-Marianas, the New Hebrides, Tonga-Kermadec, and Indo- 
nesia. 	In each of these regions we completed the following five steps: 1) 
Determined the minimum magnitude of homogeneous reporting; 2) 	Identified 
aftershocks of all events with M c_>6.0; 3) Recognized large scale (1000+ km) 
background seismicity variations'Ifirst-order segments); 4) Recognized small 
regions (<100 km) of extremely high seismicity (first-order actives); 5) 
Recognized 10-300 km regions of anomalously high or low seismicity within the 
first-order segments (regions of outstanding seismicity). In the New Hebrides 
we have completed a quantitative evaluation of the relationship between zones 
of outstanding seismicity and asperities (see discussion below). 
In some of these regions we have made progress in identifying relation-
ships between spatial seismicity variations and tectonic features. In this 
section we will summarize those steps and present the conclusions we have 
reached. 
1) DETERMINING THE MINIMUM MAGNITUDE OF HOMOGENEOUS REPORTING 
Temporal variations in teleseismic detection have occurred in many re-
gions of the world since 1963 (Habermann 1982a). We determined the minimum 
magnitudes of homogeneous reporting for all regions we studied using the 
techniques described by Habermann (1983). We used magnitude cutoffs which 
eliminated events which had not been consistently reported. In this way, we 
avoided any problems which inconsistent reporting might cause in spatial 
studies. The subduction zone segments and the minimum magnitudes of homogen-
eous reporting which we determined are listed in Table 1. 
2) RECOGNITION OF AFTERSHOCKS 
The statistical approaches we used in this work depend on the assumption 
that the events we considered were independent. A major step towards satis-
fying this assumption was made by recognizing aftershocks of all events with 
M >6 0 We did this through individual examination of each of these mainshocks 
and the events which followed them over several months to a year. In addition 
to satisfying the assumption, this step provided great insight into character-
istics of aftershock sequences, as several hundred were examined individually. 
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3) RECOGNITION OF LARGE SCALE CHANGES IN BACKGROUND SEISMICITY LEVELS 
We examined the question of whether background seismicity levels were 
consistent along entire subduction zones, and found that they were not. 
We used an algorithm described by Habermann (1983) to identify large 
scale (1000+ km) segments of subduction zones with consistent background 
seismicity rates. We term these first-order segments. The levels of background 
activity in neighboring segments were different at the 99%+ confidence level 
in all cases. Three such segments were found in South America, Indonesia, and 
in the Izu-Bonin-Marianas, two in the New Hebrides, and one in the Tonga-
Kermadec. 
In some cases the boundaries determined from background seismicity levels 
coincided with well documented tectonic boundaries, in others they did not. 
The segments we found, the seismicity rates and tectonic character of these 
segments, and the known tectonic features at their boundaries are listed in 
Table 2. 
In addition to making the quantitative recognition of these first-order 
segments possible, this step insured that the subduction zone segments which 
we examined for second-order variations had spatially consistent background 
rates. 
4) RECOGNITION OF FIRST-ORDER ACTIVE REGIONS. 
In all of the subduction zones which we examined we found small 	regions 
(< 100 km) with extremely high seismicity levels. We term these regions first-
order actives. Most of these active areas are active at all magnitude levels, 
and some appear to play an important role in the generation of great earth-
quakes. The first-order actives which we recognized are listed in Table 3. 
Explanations for some of the first-order active regions are clear. For 
instance, the active regions at the northern ends of the New Hebrides and 
Tonga arcs are probably related to sharp bends in the plate boundaries. Other 
explanations are more speculative. The active area at the southern end of 
Sumatra may be related to the subduction of sediment filled troughs and the 
active area in southern Chile may be related to the subduction of a relic 
spreading center (as discussed below). 
The first-order actives appear to be important in the generation of large 
earthquakes. The most dramatic example of this is the Mocha block in Chile. 
The great foreshocks and the mainshock of the 1960 Chile earthquake occurred 
in this zone. This zone was also active during the time prior to the 1960 
event (Perez, 1983). Another great earthquake occurred there during 1975 (M, = 
7.8). The record of large earthquakes during this century indicates the the 
repeat time for M=7 events in the Mocha block is 14 years, a factor of ten 
shorter than the estimated repeat time for the 1960 Chile event (Nishenko, 
JGR, in press). The historic record (1756 to present) in Indonesia also indi-
cates that the first-order active zone off of southern Sumatra has experienced 
many large events relative to the surrounding regions (Newcomb and McCann, 
JGR, submitted). These observations indicate that the first-order actives are 
active at all magnitude levels, not just for smaller events which we used to 
recognize them. 
In addition to making the quantitative recognition of these first-order 
actives possible, this step prevented the introduction of large standard 
deviations into the background rates, thus making the recognition of second-
order variations possible. 
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5) RECOGNITION OF SECOND-ORDER SEISMICITY VARIATIONS. 
After the steps outlined above have been completed, we can recognize the 
smaller scale seismicity variations which are the main target of this work. 
This was done using a technique described by Habermann (1984, see Appendix I) 
which recognizes regions within the subduction zones in which the seismicity 
level 	is significantly different than the regional background level. These 
regions are identified by comparing the seismicity rates (eq/km) in all 	sec- 
tions of the subduction zones with the regional background rates determined in 
step 3 above. We did this for sections ranging in length from 20 to 200 km. 
The comparisons were done using the z test for a difference between two means. 
In this way the significance of the difference between the local rates and the 
regional rates could be determined and all variations above a given level of 
significance could be objectively recognized. We accepted only differences 
which were significant at the 99%+ level. 
After the regions of outstanding seismicity were recognized using the z 
test, we determined the probabilities of observing the regions in stationary 
Poisson sequences. This second statistical approach confirmed the 99%+ signif-
icance of these anomalous regions in over 70% of the cases. Only one of the 63 
regions recognized was not significant at the 95%+ confidence level. 
Table 4 lists the regions of outstanding seismicity which we have recog-
nized. The locations are given in our coordinate systems (km) as well as in 
latitude and longitude. The lengths of the regions (L) in km are also shown. 
The z values in Table 4 result from comparing the spatial seismicity rate in 
the region of outstanding seismicity to the rate in the first-order segment 
which contains the region using the z test for a difference between two means. 
Positive z values indicate that the region has low seismicity and negative z 
values indicate that the region has high seismicity. The z values have the 
same statistical interpretation as the number of standard deviations from the 
mean of a normal distribution, i.e., z = 1.95 = 95%, z = 2.57 = 99%, so a 
region with a z value of 5 would occur as often as a data point five standard 
deviations from the mean in a normal distribution. Stat lists the probabili-
ties of not finding these regions if the spatial distribution of background 
seismicity was Poisson. In this section we will focus on several variations 
which represent general findings. 
Eight of sixteen quiet zones recognized in South America are spatially 
associated with known fracture zones. At least four of these are located on 
the old sides of the fracture zones. This is particularly clear in the south-
ernmost segment of South America where the fracture zones are well known 
because of their association with the presently active East Pacific Rise. 
North of 38 ° S the fracture zones which are presently interacting with the 
subduction zone were formed at the now inactive Pacific-Farallon spreading 
center and are less well known. 
Figure 1 shows the seismicity of the southernmost first-order segment of 
South America. The quiet regions near 42° and 44 ° S are on the old sides of 
Fracture Zone 43 (FZ 43) and the Guafo Fracture Zone (GFZ). These quiet 
regions are both significant at the 99%+ level according to the z test, and at 
the 98% and 99% levels according to the stationary Poisson test. The quiet 
region near 35°S is not associated with a known fracture zone. 
The observation that the old sides of fracture zones are quiet might be 
qualitatively understood if one considers the geometry of such zones. These 
zones separate seafloor of different ages and, therefore, different depths. 
The younger seafloor is less dense and higher than the older, thus the frac-
ture zones are step functions in the bathymetry. This geometry is shown in 
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Figure 1. Map of southern Chile showing the seismicity we considered 
(circles), the axis of the coordinate system (long solid line), the areas with 
anomalously high (A) or low (Q) seismicity (thick line segments), and the 
major features of the seafloor. Note the quiet areas near 42 ° and 44° S which 
are spatially associated with Fracture Zone 43 (FZ 43) and the Guafo Fracture 
Zone (GFZ). Also note the extremely active region near 38 °S which is 
surrounded by the Mocha and Valdivia fracture zones. 
Figure 2A with the older seafloor on the left. The shaded area in Figure 2A 
represents a "shadow" of the fracture zone. Such "shadows" may be zones of 
decreased normal 	stress across the plate interface or of increased sediment 
subduction, 	both of which might enhance the possibility of aseismic motion 
between the plates and hence decreased seismicity. 
A similar effect might be expected around aseismic ridges on the sea-
floor. This example is illustrated in Figure 2B. Here the effect would be 
symetrical, in contrast to the fracture zone case. We observed symetric ef-
fects in Indonesia, South America, and the Marianas. 
The Investigator Ridge is a feature on the floor of the Indian Ocean with 
up to 2 km of relief (Moore et al., 1980). It strikes nearly north-south and 
is located near 98.2 ° E (Figure 3). The orientation of this feature relative to 
Sumatra results in an interaction zone which extends from 3 ° S to 1 ° N. Figure 3 
shows the seismicity of this region. which we considered (1963 to May 1981, mb> 
5.5, events on the interface). Two quiet regions (Q's in Figure 3) surround 
the zone of interaction between the Investigator ridge and the Sumatra subduc-
tion zone. This is the effect expected on the basis of the qualitative model 
suggested in Figure 2B. These quiet areas are both significant at well above 
the 99% level according to the z test (z in Table 4), and at the 98% and 99% 
levels using a stationary Poisson test (Stat in Table 4). In other words, 
these quiet areas would be observed less than 2% of the time if the background 
seismicity in this segment were random. 
The examples we have presented so far show effects of features on the 
seafloor on the seismicity levels on the interface. Such effects are expected 
because the seafloor features directly affect the interface geometry. The Izu-
Bonin-Marianas subduction zone presents a case which confounds one looking for 
such interactions. The cumulative number of events as a function of distance 
along this subduction zone are shown in Figure 4. The first-order segments 
listed for this zone in Table 2 are apparent in this Figure. Note the choppy 
character of the seismicity in segment I between 27.7 ° and 35 ° N. This con-
trasts strongly with the smooth character of the seismicity in segment II 
between 14.7 ° and 27.7 ° N. If one believed that this seismicity was controlled 
by seafloor features, one would expect rough bathymetry off of segment I and 
smooth seafloor off of segment II. What one observes, however, is the oppo-
site. The seafloor off of segment I is almost featureless, while the seafloor 
off of segment II contains numerous seamounts. 
This example indicates that one must also examine the overriding plate 
for variations which might relate to seismicity variations. The recent discov-
ery of cross-arc volcanic chains behind the Izu-Bonin-Marianas subduction zone 
(Hussong and Fryer, 1983) may provide a solution to the paradox outlined 
above. The possibility that these chains affect the seismicity on the inter-
face is suggested by the fact that the chain discussed by Hussong and Fryer 
strikes into one of the quiet regions we recognized in the northern Marianas. 
CONCLUSIONS ABOUT SPATIAL SEISMICITY VARIATIONS 
In this section we have briefly described the techniques we developed and 
used in this project and have listed some of the interesting observations we 
have made. The major conclusions about spatial seismicity variations are: 1) 
Background seismicity is not randomly distributed along convergent plate 
boundaries. Significant variations were identified on scales of tens and 
thousands of kilometers. 2) With the exception of a few areas with extremely 
high activity, subduction zones can be characterized by areas of normal seis-
micity separated by areas of low seismicity. The areas of high seismicity 
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Figure 2. Schematic illustration of the mechanism which may cause low 
seismicity on the old sides of fracture zones (A) and around ridges (B). The 
shapes of the seafloor at these features are shown and the shaded zones are 
zones of low normal stress or enhanced sediment subduction, both of which 
might increase the role of aseismic processes and decrease the amount of 
background seismicity expected. 
ri crar• 3. 
Figure 3. Map of Sumatra showing the seismicity we considered (solid squares), 
and the location of the Investigator Ridge (IR). Note the existence of two 
quiet regions (Q's) surrounding the ridge. This is the effect expected on the 
basis of the qualitative model pictured in Figure 2. The region of high 
activity at the southern end of Sumatra (A) may be caused by subduction of 
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Figure 4. Cumulative number of events as a function of distance from north to 
south along the Izu-Bonin-Marianas subduction zone. Aftershocks, non-interface 
events, and events which have not been consistently reported through time are 
removed. The three first-order segments and the first-order active region 
which we identified are clear in this figure and are labeled I, II, III, and 
A. Note the difference between the character of the seismicity in segments I 
and II. Segment I shows very choppy seismicity with either many or few events 
occurring. Segment II, in contrast, shows a very consistent seismicity rate 
along its entire length. 
generaly are anomalously active at all magnitude levels. 	3) In many cases, 
background seismicity variations appear to be controlled by tectonic features. 
4) Areas of low seismicity tend to occur on the old sides of fracture zones 
and flanking aseismic ridges that have entered the subduction zone. 5) Fea-
tures on the seafloor as well as on the overriding plate can affect interface 
seismicity. 
Geologic and Morphologic Effects of Subduction of Bathymetric Features 
We have investigated over 20 examples of changes in subduction zone 
geology and morphology associated with the subduction of aseismic ridges and 
other bathymetric features. Our observations suggest that two factors control 
the effect of bathymetric features on subduction zone morphology, the relief 
of the bathymetric feature and the type of compensation. Uncompensated, small-
scale features, like many fracture zones, affect primarily the sediments in 
the forearc. Large, compensated features, on the other hand, can have observ-
able effects well into the overriding plate. In this section we present exam-
ples which demonstrate the variation in morphological effects we observed. 
An example of the effect of bathymetric features on trench morphology 
occurs where the Louisville Ridge enters the Tonga-Kermadec trench (Figure 5). 
This Figure clearly demonstrates two effects. First, the trench axis is de-
flected landward, and second, the inner wall in the region which the Louis-
ville Ridge has passed through is steepened. These observations are consistent 
with a model in which the relief of the Louisville Ridge has _compressed 
sediments and thrust them against the inner wall of the trench. 
An example which demonstrates effects on the forearc ridge is the Inves-
tigator Ridge in the Sumatra trench (Figure 3). The history of three islands 
in the Sumatran forearc (Banyak, Nias, and Siberut) show a southward migrating 
compressional pulse starting five million years ago at Banyak and continuing 
today at Siberut. This pulse manifested itself by two km of reverse faulting 
which uplifted the Banyak Islands, uplifting and landward thrusting of Nias 
island, and compressional tectonics near Siberut (Karig et al., 1980). The 
times and positions of the observed deformations are coincident with the 
migration of the Investigator Ridge southward along the arc. 
An example of the effects of the subduction of a compensated feature can 
be found in the South American subduction zone. During the last 10 million 
years the Nazca Ridge has passed beneath the Lima Basin, a large structural 
depression on the Peruvian shelf. This basin has subsided by up to 1100 meters 
during the last 5 million years. The spatial and temporal coincidence of this 
massive subsidence and the passage of the Nazca Ridge suggests that they are 
related. Perhaps this subsidence reflects tectonic erosion of the South Ameri-
can margin by the Nazca Ridge. Such erosion probably occurs only during the 
subduction of compensated features, because of the buoyancy of these features, 
and the resulting strong interplate coupling. 
Other results of this investigation are presented in Tables 5 and 6, and 
a cross section depicting our observations in a hypothetical subduction zone 
is shown in Figure 6. All morpho-geologic changes are not observed in one 
subduction zone because of the structural variation of converging plates and 
the many geometries possible in ridge-trench interactions. 
7 
1 
Figure 5. Displacement of the Tonga trench by subduction of the Louisville 
Ridge (LR). Note how the trench axis (small dashed line) is positioned abrupt-
ly landward of its average position (dashed line) along the southern Tonga and 
Northern Kermadec arcs. Displacement is largest immediately to the north (i.e. 
in the wake) of the Louisville Ridge and gradually decreases to the north. 
Intersection of ridge and trench migrates to the south at about 6.5 to 8 
cm/yr. The distance between the 1000 and 3000 fathom contours is smallest 
(hatched) near the intersection, indicating a steepened inner wall. Astericks 
are sub-aerial, Quaternary volcanoes. Approximate map-view extension of Louis-
ville ridge into the subduction zone is shown by a pair of dotted lines. 
Figure 6. 	Cross section of effects of ridge subduction. 	a) Subduction zone 
in quasi—equilibrium state as ridge approaches trench. b) Possible effects of 
subduction of aseismic ridge: 1 — steepened inner wall of trench resulting 
from snowplowing of accretionary prism, 2 — deformation of sediments in 
accretionary prism by folding and/or thrusting, 3 — development of coastal 
terraces as upper plate readjusts to relief of downgoing plate, 4 — massive 
subsidence occurs if tectonic erosion at base of overriding plate occurs. 
S.L. is sea level, A represents compressive forces exerted on overriding plate 
by relief of ridge, B represents vertical forces related to buoyancy of 
downgoing- ridge, open dot pattern in (b) is possible region of tectonic 
erosion. 
Relationship Between Seismicity Variations and Asperities 
Asperities are important in controlling earthquake ruptures and the 
nature of precursory patterns. Therefore, correct identification and meaning-
ful evaluation of precursory seismicity patterns as well as the prediction of 
important characteristics of upcoming events hinge upon understanding the 
asperity distribution in which these events are occurring. Recognizing this 
distribution using waveform studies after the mainshock occurs certainly 
contributes to understanding these events, however, for earthquake prediction 
such recognition is a classic case of closing the barn door after the horse 
has left. We must develop the capability to infer the asperity distribution 
using evidence which exists prior to the mainshocks if we are to achieve 
realistic earthquake prediction. Contributiong to that capability is a major 
goal of this study. 
In this section we integrate observations of background seismicity 
variations with other seismological evidence for asperity existence. We 
demonstrate a broad approach to asperity identification and indicate the role 
of background seismicity in that approach. The results we show demonstrate the 
potential of careful studies of background seismicity for asperity 
recognition. 
THE NEW HEBRIDES 
The level of background seismicity expected in asperities on fault 
interfaces is unclear. They may appear as quiet zones because of high strength 
or active zones because of high stress. We have addressed this problem by 
identifying zones of anomalously high or low seismicity and comparing the 
locations of these regions with the locations of asperities as determined from 
other observations. The characteristics we used for asperity recognition are 
listed in Table 7 for two possible stages during the cycle of an asperity. The 
strength dominant stage occurs early in the cycle, when the stress is well 
below the strength. The stress dominant stage occurs later, after the stress 
has increased to near the strength of the asperity. 
A number of regions which show some of these characteristics were 
identified in the New Hebrides (Habermann, 1984, Appendix I). We also know the 
locations of regions of outstanding seismicity in the New Hebrides (Table 4), 
so we can evaluate whether the observed relationship between these two types 
of regions would occur by chance. This is done by assuming that the types of 
regions are independent and comparing the expected and observed overlaps 
between the sets. In order to do this we must know the portion of the seismic 
zone which is covered by each type of region. The active regions make up 10%, 
the quiet zones 16%, leaving 74% of the seismic zone with normal seismicity 
levels. This distribution is shown in the upper part of Figure 7. The asperi-
ties (which were recognized independently from their seismicity levels) make 
up 34% of the seismic zone. 
If the quiet regions were randomly distributed, we would expect 34% of 
the quiet regions to be in asperities. The observed percentage is 9%. The 
relationship between the quiet areas and the asperities, therefore, does not 
appear to be random. In fact, it appears that the quiet regions occur prefer-
entially outside of regions with other asperity characteristics. 
If the active areas were randomly sampled from the arc, we would expect 
34% of the regions to be in asperities. In fact 100% of the active areas occur 
in regions with other asperity characteristics. This indicates that the active 









This shows the dist-
ribution of active and 
quiet areas in the New 
Hebrides seismic zone. 
This, therefore, is the 
expected distribution 
for any randomly sel-
ected subset of the 
seismic zone. 
This is the distribution 
of active and quiet 
areas in the asperities 
in the New Hebrides 
seismic zone. Note the 
anomalously large amount 
of active areas and the 
small amount of quiet 




These tests can be done in the opposite direction by asking what portion 
of the asperities are also active or quiet. The distribution of quiet and 
active areas in the asperities is shown in the lower part of Figure 7. Thirty 
four percent of the asperity area is active as opposed to the 10% expected, 
and 6% of the asperity area is quiet as opposed to the 16% expected. This also 
indicates that asperities and active areas are related directly and that 
asperities and quiet regions are unrelated. 
CHILE 
The Mocha Block shows the highest level of background seismicity in all 
of Southern Chile (Al in Figure 1). It is one of the truly outstanding fea-
tures of the teleseismic seismicity of the subduction zones we examined. One 
cannot help but wonder, what is it about this segment of the interface between 
the Nazca and the South American plates which causes this intense concentra-
tion of seismicity7 
The tectonic setting of the Mocha block is unique in South America. 
North of the block the seafloor was generated at the now extinct Pacific- 
Farallon spreading center [Handschumacher, 1976]. 	South of the block the 
seafloor was generated by the presently active East Pacific Rise. 	The tran- 
sition between the two different seafloors occurs across the Mocha block. 
Furthermore, the Mocha block is rather small (100 km across), and is bounded 
on both sides by fracture zones (the Mocha (MFZ) on the north and the Valdivia 
(VFZ) on the south). 
This unique tectonic setting of the Mocha block is interesting in itself 
but does not explain why the seismicity is so high. In order to understand 
this observation one must consider the details of the interface geometry in 
this region. 	Near the Mocha block this geometry is controlled by several 
features. 	The first is the depth differences across the fracture zones which 
bound the block. The second control on the interface geometry in this region 
is the position of the inactive Pacific-Farallon spreading center in the 
subducted Nazca plate. Handschumacher [1976] gives anomaly (and ridge) off-
sets for the fracture zones associated with the Pacific-Farallon spreading 
center. The MFZ has 500+ km of left-lateral offset. The position of the 
inactive ridge on the subducted plate is, therefore, 500+ km from the position 
of the ridge on the unsubducted Nazca plate north of the MFZ. In order to 
determine this position, we projected the MFZ and the relic ridge onto the 
seafloor south of the VFZ (Figure 8) and then measured the distance along the 
MFZ. The position of the relic ridge under the South American plate shown in 
Figure 8 is for 500 km of offset on the MFZ. It is, therefore, the westernmost 
possible position of the ridge according to the paleomagnetic evidence. This 
position bounds the area of high seismicity in the Mocha block on the west. 
Cifuentes (1984) recently relocated the foreshocks and the mainshock of 
the great 1960 event which occurred in the Mocha Block using a master event 
technique. This technique improves the locations of the events relative to the 
location of the event selected as the master. The absolute locations of the 
events remain in error by the absolute error in the location of the master 
event. The improved epicenters of these events are shown in Figure 8. Note 
that they outline a linear feature with strike parallel to that expected for 
the relic spreading center (normal to the MFZ and the other fracture zones 
north of the Mocha Block). This alignment occurs along the eastern boundary of 
the region of high seismicity. Cifuentes also pointed out that these events 
show a clear migration pattern from the north end of the feature to the south. 
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Figure 8. Geometry of the relic Pacific-Far-
allon spreading center in the Mocha Block 
region. The possible position of the spreading 
center on the interface is the westernmost  
possible position. The circles are the fore-
shock sequence and the mainshock of the 
1960 Chile event_ These events are relocated 
relative to a central event in the sequence 
(Cifuentes, 1984). Note that the relative 
locations define a trend which is parallel to 
that of the relic spreading center. The fore-
shocks migrated through time from the north 
to the south, where the mainshock occurred_ 
40 
We proposed that the high seismicity in the Mocha Block is caused by 
interaction between the relic spreading center on the Nazca Plate and the 
South American Plate (Habermann, McCann, and Perin 1983, see Appendix I) on 
the basis of the paleomagnetic evidence. The seismological evidence of the 
linear feature associated with the 1960 foreshock sequence provides strong 
support for this proposal. The migration of the foreshock sequence suggests 
that it was made up of a series of ruptures along the interface between the 
relic spreading center and the overriding South American plate. The mainshock 
occurred near the southern end of this zone of interaction when the rupture 
front reached a simpler section of the interface and could rupture freely to 
the south. 
COLUMBIA 
Beck and Ruff (1984) recently published a detailed study of the asperity 
distribution associated with the great 1979 Columbia earthquake. An 
important finding of this study was the location of the major asperity for 
this event using directivity of the moment release function. They concluded 
that an asperity roughly 60 km long was responsible for a large majority of 
the seismic energy release of that event. The location of that asperity was 
between 2 ° and 2.5°N on the interface between the Nazca and South American 
plates. When one examines the most complete bathymetric data for this region, 
it is clear that the relic Malpelo spreading center enters the Columbian 
subduction zone at this location (Mendoza and Dewey (1984) misinterpreted the 
tectonic significance of the Yoquina Graben, a relic fracture zone which 
offsets the intersection of the ridge to the north). In fact, the aftershocks 
of the Columbian event show a clear lineation almost normal to the fault along 
this feature (see Beck and Ruff, Figure 3). 
We examined the background seismicity in the region of the 1979 Columbia 
event as part of our study of the South American subduction zone. The region 
shows very low seismicity at the level we considered (5.1+) with large regions 
of no seismicity. A spatial cluster of five events of this size occurs near 
the intersection of the Malpelo rift and the subduction zone. No similar 
cluster occurs elswhere along the northern South American subduction zone. The 
interpretation of this cluster is unclear because several of the events occur-
red following the 1979 event and may be late aftershocks. Further studies with 
relaxed magnitude cutoffs will clarify whether there is anomalously high 
seismicity in the region of the rift-subduction zone intersection. 
SUMMARY 
The cases presented here demonstrate the exciting potential of background 
seismicity for asperity recognition studies. The asperities in the New 
Hebrides are clearly more active than the other sections of the seismic zone. 
In the other two cases, asperities can be directly associated with features on 
the plate interfaces. Such associations are not rare on strike slip faults 
exposed at the surface, but these are the first of such recognized in 
subduction zone situations. More importantly, in each case the . background 
seismicity contained information which could lead to recognition of these 
asperities prior to the mainshocks. 
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